Plant biomass is one of the most renewable carbon resources. It is composed of lignocelluloses that form the plant cell wall. Lignocelluloses consist of lignin, haemicellulose and cellulose; the typical contents of these three components in various lignocellulosic materials were determined by Betts et al. [1] and Sun and Cheng [2] . Focused on degrading lignocelluloses to collect information on the various enzymes involved in degradation of plant biomass, we screened the yeasts which are able to decompose D-xylose from environmental samples in Indonesia. Indonesia is known as one of the most richly biodiverse countries in the world, so it was expected to find novel micro-organisms. We isolated yeasts from woody materials and soils which were collected in various areas such as West Sumatra, Bali and West Java, Indonesia, for collection of genetic resources to assimilate D-xylose. During the screening of D-xyloseassimilating yeasts, three isolates were found to represent three novel species of the genera Barnettozyma and Wickerhamomyces based on the analysis of the D1/D2 domains of the large ribosomal subunit (LSU).
The genera Barnettozyma and Wickerhamomyces were established based on phylogenetic analysis from a maximum-parsimony tree inferred from the concatenated gene sequences of EF-1a, the nearly entire LSU and the small ribosomal subunit (SSU) by Kurtzman et al. in 2013 [3] . The genus Barnettozyma was originally established with six species, and three species have subsequently been included [4] [5] [6] . Additionally, four species of the genus Candida are known to be members of the Barnettozyma clade [7] . The type species is Barnettozyma populi, which was transferred from the genus Pichia. By contrast, 17 species of the genus Wickerhamomyces were originally transferred from the Pichia clade based on multigene analysis [3] , and 15 species have subsequently been included [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Additionally, eight species of the genus Candida are known to be members of the Wickerhamomyces clade [7] . The type species is Wickerhamomyces canadensis, which was transferred from the genus Pichia.
In this present study, we performed a taxonomic study of three yeast isolates, 13Y206
are described as representatives of three novel species, Barnettozyma xylosiphila sp. nov., Barnettozyma xylosica sp. nov. and Wickerhamomyces xylosivorus f.a., sp. nov., respectively. [23] and incubated at 25 C for 2-7 days. One hundred microlitres of the enrichment culture diluted 10 or 100 times with 0.85 % (w/v) NaCl was cultured on D-xylose-YNB plates containing agar or gellan gum as a gelling agent at 25 C for 3-5 days. The yeast colonies on these plates were picked and purified on YM plates [0.3 % (w/v) yeast extract, 0.3 % (w/v) malt extract, 0.5 % (w/v) peptone, 1 % (w/v) glucose and 1.5 % (w/v) agar or gellan gum]. In this present study, we identified three novel species candidates, represented by 13Y206
T and 14Y125 T isolated from agar plates and 14Y196
T from a gellan gum plate, using polyphasic approaches. These strains were purified and suspended in 10 % (v/v) glycerol supplemented with 5 % trehalose and stored at À80 C.
The sequences of the D1/D2 domains of the LSU, the SSU, EF-1a and the internal transcribed spacer (ITS) were determined from PCR products amplified using ExTaq (Takara Bio) and a Mastercycler ep (Eppendorf) from genomic DNA extracted from yeast cells utilizing a Prepman Ultra (Life Technologies). Standard primer pairs used for amplification and sequencing of each gene are shown in Table S1 (available with the online Supplementary Material) [24, 25] . PCR products were purified using Agencourt AMPure XP (Beckman Coulter), and the sequencing reaction was performed using a BigDye Terminator version 3.1 Cycle Sequencing kit (Life Technologies). DNA fragments from the sequencing reactions were purified using Agencourt CleanSEQ (Beckman Coulter), and sequences were obtained using either an ABI PRISM 3130 or an ABI PRISM 3730xl Genetic Analyzer (Life Technologies) according to the manufacturer's instructions.
The comparisons of the sequences were carried out using BLASTN [26] . Alignments and phylogenetic trees were generated using MEGA5 software [27] . Phylogenetic trees were reconstructed from the evolutionary distance data by using Kimura's two-parameter correction [28] based on the D1/D2 domains of the LSU and the SSU, and Poisson correction distance [29] based on EF-1a with three methods: neighbourjoining [30] , maximum-likelihood [31] and maximum-parsimony [32] . Confidence levels of the clades were estimated from bootstrap analysis (1000 replicates) [33] .
Physiological properties and morphological characteristics were examined by methods commonly used for yeast taxonomy studies [7] . To observe ascospores by scanning electron microscopy, the cells of 13Y206 T and 14Y196 T were inoculated onto diluted (1 : 9) V8 juice agar plates at 25 C, and inoculated cells were collected and washed twice with 0.85 % (w/v) NaCl. Subsequently, 0.1 mg Zymolyase-100T ml À1 in 0.1 M phosphate buffer was added, and the mixture was incubated at 37 C for 2 h as in a previous study [34] . Fixation and dehydration of cells were performed as described by Mikata and Nakase [35] .
Phylogenetic analysis based on the D1/D2 domains of the LSU showed that two isolates, 13Y206
T and 14Y196 T , belonged to the Barnettozyma clade and one isolate, 14Y125
T , belonged to the Wickerhamomyces clade (Fig. 1 ). The nucleotide differences between 13Y206
T and the three most closely related species, Barnettozyma californica, Barnettozyma hawaiiensis and Barnettozyma populi, based on the phylogenetic tree inferred from the D1/D2 domains of the LSU, were 90 nt and 18 gaps in 598 nt, 85 nt and 25 gaps in 601 nt, and 93 nt and 22 gaps in 603 nt, respectively. Between 14Y196
T and the three most closely related species, Barnettozyma sucrosica, B. hawaiiensis and B. populi, there were 40 nt and 13 gaps in 589 nt, 48 nt and 18 gaps in 594 nt, and 50 nt and 23 gaps in 600 nt, respectively. Between 14Y125
T and the three most closely related species, Wickerhamomyces ochangensis, Candida quercuum and Candida peoriensis, there were 59 nt and 17 gaps in 591 nt, 65 nt and 19 gaps in 592 nt, and 68 nt and 11 gaps in 586 nt, respectively. In addition, the nucleotide differences in the ITS regions between 13Y206 T and the three most similar species, B. sucrosica, Barnettozyma vustinii and B. californica, were 87 nt and 44 gaps in 474 nt, 78 nt and 25 gaps in 436 nt, and 76 nt and 21 gaps in 435 nt, respectively. Between 14Y196 T and the three most similar species, B. vustinii, B. californica and B. hawaiiensis, there were 46 nt and 12 gaps in 537 nt, 97 nt and 47 gaps in 572 nt, and 70 nt and 30 gaps in 412 nt. Between 14Y125
T and the three most similar species, W. ochangensis, Wickerhamomyces alni and Wickerhamomyces subpelliculosa, there were 72 nt and 19 gaps in 457 nt, 106 nt and 25 gaps in 556 nt, and 72 nt and 21 gaps in 409 nt, respectively. The other phylogenetic analysis based on SSU, EF-1a and concatenated sequences containing the D1/D2 domains of the LSU, the SSU and EF-1a all showed similar results to the analysis of the D1/D2 domains of the LSU(Figs S1, S2 and S3). As a result of the molecular phylogenetic analysis, it was suggested that three isolates represent three novel species in the genera Barnettozyma or Wickerhamomyces.
The three novel isolates are clearly distinct from known species of the genera Barnettozyma and Wickerhamomyces physiologically (Tables S2 and S3 ). Unfortunately, we have not yet isolated a yeast which seems to belong to the same species as these three isolates. To promote study of yeast diversity, we have proposed three novel species represented by each single strain based on polyphasic approaches including molecular phylogenetic, morphological, biochemical, physiological and chemotaxonomic analysis. MycoBank number: MB808598 After 2 days of culture on YMA at 25 C, colonies are white to cream, smooth, faintly glistening and butyrous; the margin of colonies is entire, and cells are elliptically shaped, 3.3-4.0Â6.7-9.3 µm. Budding is multilateral (Fig. 2a) . Sedimentation occurs after 1 month, but no pellicle is observed. No pseudohyphae or true hyphae are observed after 2 months of growth on corn meal agar at 25 C. Ascospores are observed when cells are grown on diluted (1 : 9) V8 juice agar at 25 C for at least 7 days, but most often on the 21st day. The asci contain four ascospores (Fig. 2b) with a hat-shaped morphology (Fig. 3a) , but asci which release ascospores are not observed. Fermentation is absent. Assimilation of carbon compounds is as follows: glucose, inulin (weak), trehalose (weak), soluble starch (weak), cellobiose (weak) The type strain is designated as 13Y206 T (=NBRC 110202 T =InaCC Y726 T ), which was isolated from decayed wood (unidentified tree) collected from the Bung Hatta Botanical Garden, West Sumatra, Indonesia, in May 2013. The GenBank/EMBL/DDBJ accession numbers for the DNA barcode sequences of the type strain are LC010417, LC012022 and LC012023 (corresponding to the sequences of the D1/D2 domains of the LSU, the SSU and EF-1a, respectively).
DESCRIPTION OF BARNETTOZYMA XYLOSICA KOBAYASHI, KANTI & KAWASAKI SP. NOV.
Barnettozyma xylosica (xy.lo¢si.ca. N.L. n. xylosum xylose; L. fem. suff. -ica suffix used with the sense of pertaining to; N. L. fem. adj. xylosica pertaining to xylose, intended to mean xylose-assimilating).
MycoBank number: MB819485
After 2 days of culture on YMA at 25 C, colonies are white to cream, smooth, circular, convex and butyrous; the margin of colonies is entire, and cells are elliptically shaped, 4.1-5.5Â5.5-8.6 µm. Budding is multilateral (Fig. 2c) . Neither pseudohyphae nor true hyphae are observed after 2 months of growth on corn meal agar at 25 C. Ascospores with saturn-shaped morphology are observed (Fig. 3b) when cells are grown on diluted (1 : 3) V8 juice agar at 25 C for at least 7 days, but asci are not observed. Glucose is fermented, but galactose, sucrose, maltose, lactose, raffinose, trehalose, the order NJ/ML/MP; values indicating branches that were not found in the ML tree and/or MP tree are shown as '-'. All sequences were edited to the longest common region (488 base pairs). Bar, 0.02 K nuc . Saccharomyces cerevisiae NRRL Y-12632
NT was used as an outgroup.
(c) MycoBank number: MB819484
After 2 days of culture on YMA at 25 C, colonies are white to cream, smooth, circular, convex and butyrous; the margin of colonies is entire, and cells are elliptically shaped, 2.6-3.9Â3.0-5.2 µm. Budding is multilateral (Fig. 2d) . Pseudohyphae are observed after 4 days of growth on cornmeal agar at 25 C ( T ascospores formed on V8 juice agar after 7 days at 25 C (Fig. 3a) and Barnettozyma xylosica sp. nov. 14Y196
T ascospores formed on V8 juice agar after 7 days at 25 C (Fig. 3b) . Bar, to 1 µm.
LC202860 (corresponding to the sequences of the D1/D2 domains of the LSU, the SSU, and EF-1a, respectively).
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